Introduction
============

Metastatic breast cancer (MBC) is diagnosed in nearly 30% of breast cancer patients, and is the major cause of cancer-related deaths among breast cancer patients \[[@b1-crt-2017-443]\]. In most patients with MBC, the median survival ranges from 2 to 3 years \[[@b2-crt-2017-443],[@b3-crt-2017-443]\]. Various therapeutic approaches have been used in MBC, and most of physicians consider the information of survival as the most critical basis for therapy selection in MBC \[[@b4-crt-2017-443],[@b5-crt-2017-443]\]. However, the outcomes of MBC cannot be predicted in the large majority of patients, as most prognosis models were developed for early-stage breast cancer and are not applicable to patients with MBC \[[@b6-crt-2017-443],[@b7-crt-2017-443]\]. Thus, effective methods to predict the prognosis of MBC are required.

The outcome of MBC patients varies from person to person and was largely correlated with clinical and tumour characteristics of patients \[[@b8-crt-2017-443]\]. For most of patients with MBC, metastasis disease would progress rapidly involving multiple organ and cause destruction of organ function in a short time \[[@b3-crt-2017-443],[@b9-crt-2017-443]\]. Meanwhile, a part of MBC patients was reported to achieve tumour remission with systematic therapy and have a relatively prolonged survival \[[@b10-crt-2017-443]\]. Several population-based studies have shown that MBC patients with longer metastasis-free interval (MFI \> 5 years) had a superior prognosis to those with a shorter MFI (MFI \< 5 years) \[[@b11-crt-2017-443],[@b12-crt-2017-443]\]. In 2015, a study of 850 MBC patients found that those with *de novo* stage IV BC or with an MFI \> 24 months had a better survival than those with an MFI \< 24 months \[[@b13-crt-2017-443]\]. In addition, prognosis of patients with different location and quantity of metastatic lesions varies a lot. The spread of metastatic disease to the viscera or the central nervous system (CNS) is usually rapid and causes severe complications and organ failure, which leads to death; in contrast, metastases to the bones or soft tissues could be controlled for a long period by multidisciplinary therapy \[[@b14-crt-2017-443]\]. Furthermore, patients with primarily metastatic involvement at a single site have better outcomes and are more likely to have improved survival after local surgery than those with metastatic lesions at multiple sites \[[@b15-crt-2017-443]\]. Hormone receptor (HR) status is an important prognostic factor in breast cancer \[[@b16-crt-2017-443]\]. HR-positive MBC shows a favourable response to endocrine therapy, which largely prolongs the survival of MBC patients \[[@b17-crt-2017-443]\]. Triple-negative breast cancer cells, which are negative for HRs, tend to disseminate much earlier and progress more rapidly than cancer cells expressing HRs \[[@b18-crt-2017-443]\]. Although there have been many reports regarding the MFI, metastasis organ, or HR status to the prognosis of the MBC, there remained no model incorporating these indexes to estimate the survival probability of the MBC.

A nomogram is a graphical calculating model constructed with known prognostic factors that generates a numerical probability of a clinical event \[[@b19-crt-2017-443]\]. In breast cancer, nomograms have been widely used as a prediction model to predict specific outcomes (such as disease recurrence and distant metastasis) \[[@b20-crt-2017-443],[@b21-crt-2017-443]\]. Our study aimed to study trend of mortality risk in MBC and construct a nomogram to quantifying the survival probability of breast cancer patients with distant metastasis.

Materials and Methods
=====================

1. Study population
-------------------

We retrospectively reviewed the medical data of patients who were diagnosed with MBC at Sun Yat-sen University Cancer Center between January 2004 and July 2013. The inclusion criteria were as follows: (1) pathological diagnosis of breast cancer; (2) diagnosis of MBC on imaging or biopsy examination; and (3) age less than 70 years. Patients were excluded if any of the following applied: (1) unknown date of initial breast cancer diagnosis, (2) unclear date of MBC diagnosis, (3) no follow-up information, or (4) history of other cancer or presence of synchronous malignant tumours.

2. Clinical data collection
---------------------------

The clinical and histological characteristics of the patients were obtained from the database of Sun Yat-sen University Cancer Center. Metastatic disease was diagnosed using pathological biopsy or imaging examinations, such as ultrasound/contrast-enhanced ultrasound, computed tomography scan, magnetic resonance imaging, positron emission tomography--computed tomography, and bone scan. The clinical stages were stratified based on the eighth American Joint Committee on Cancer/TNM staging system \[[@b6-crt-2017-443]\]. Human epidermal growth factor receptor 2 (*HER2*) amplification was defined as "3+" staining on immunohistochemistry or a positive result on fluorescence *in situ* hybridisation (FISH), while no-amplification was defined as "1+" or "-"staining on immunohistochemistry or negative result on FISH.

Overall survival (OS) was defined as the interval between the date of diagnosis of MBC and the date of death. Patient age was recorded at the date of initial diagnosis of breast cancer. The MFI was calculated from the date of diagnosis of breast cancer to the date of detection of MBC. We divided patients into five groups based on MFI: (1) primary stage IV disease, (2) MFI \< 6 months, (3) MFI of 6 months-2 years, (4) MFI of 2-5 years, and (5) MFI \> 5 years \[[@b22-crt-2017-443]\]. The number of metastasis sites, as observed on imaging examination, was stratified as 1 and \> 1. The location of metastasis sites was categorized as follows: visceral/CNS metastasis, bone or soft-tissue (distant lymph nodes, skin, and subcutaneous tissues) metastasis, and multiple metastases (patients with both visceral/CNS and bone/soft-tissue metastasis). Tumour mass was classified as ≤ 2 cm, \> 2 and ≤ 5 cm, and \> 5 cm \[[@b23-crt-2017-443]\]. Patients with locoregional lymph node metastasis were considered to have a positive lymph node status \[[@b19-crt-2017-443]\].

3. Nomogram development and statistical analysis
------------------------------------------------

We used the chi-square and Fisher exact test to compare the clinical and pathological characteristics between the training and validation cohorts. Survival probability and case fatality rate (CFR) in entire group were assessed by the Kaplan-Meier method. CFR was defined as the risk of death from MBC per 6 months. We identified the year when significant changes of CFR took place by Joinpoint regression analysis \[[@b24-crt-2017-443]\]. Six hundred thirty-four patients diagnosed with MBC between January 2004 and July 2011 were divided into training cohort while 159 MBC cases diagnosed between August 2011 and July 2013 were stratified as internal validation cohort. Univariable and multivariable analysis with Cox hazard regression in the training cohort were used to assess the correlation of survival with clinical and pathological characteristics. A p-value of less than 0.05 was considered significant.

We constructed a nomogram model based on the results of the multivariable analysis with the Cox hazard model. The survival probability of the patients could be assumed by summing the scores of the factors and higher score represent the higher risk of mortality. The effectiveness of the nomogram was tested in regards to discrimination and calibration. The concordance index (c-index) along with the 95% confidence interval (95% CI) of the c-index was used to quantify discrimination, which ranged from 0 to 1 (\< 0.5, absolute discordance; 0.5, equal concordance to chance; and 1, best concordance). We used calibration curves to compare the predicted survival with the observed survival at 1 and 3 years in both the training and validation cohorts. More specific details about nomogram construction have been provided in [Supplementary Methods](#SD5-crt-2017-443){ref-type="supplementary-material"}.

4. Ethical statement
--------------------

Ethical approval was obtained from the respective Institutional Review Boards of the Ethics Committee of Sun Yat-sen University Cancer Center (YB2017-034). All patients provided written informed consent to participate in this study.

Results
=======

1. Patient characteristics
--------------------------

This study involved a total of 793 MBC patients. The median follow-up duration and the median age of the patients were 42.5 months and 45 years, respectively. The training cohort contained 634 patients, and the validation cohort contained 159 patients. The median survival since diagnosis of MBC was 40.5 months and 31.1 months in the training and validation cohorts, respectively. [Table 1](#t1-crt-2017-443){ref-type="table"} compares clinical and tumour characteristics between the training and validation cohorts.

Survival analysis of entire group of MBC showed that median OS among patients with primary stage IV disease, MFI \< 6 months, MFI of 6 months-2 years, MFI of 2-5 years, and MFI \> 5 years was 54.1, 53.2, 26.6, 39.3, and 58.8 months, respectively (p \< 0.001, log-rank test). MBC patients with an MFI of 6 months-2 years had the worst prognosis (p \< 0.001, log-rank test). There were no significant differences in OS among patients with primary stage IV disease, MFI \< 6 months, and MFI \> 5 years (MFI \> 5 years vs. MFI \< 6 months, p=0.612; MFI \> 5 years vs. primary stage IV disease, p=0.470; and MFI \< 6 months vs. primary stage IV disease, p=0.826, log-rank test) ([S1A Fig.](#SD1-crt-2017-443){ref-type="supplementary-material"}). With adjustment of age, menopause status, tumour size, lymph node involvement, MFI, number of metastasis, location of metastasis site, HR status, and HER2 receptor status, MFI was significantly correlated with outcome in MBC (MFI \< 6 months vs. primary stage IV disease: HRs, 1.125; p=0.607; MFI of 6 months-2 years vs. primary stage IV disease: HRs, 1.851; p \< 0.001; MFI of 2-5 years: HRs, 1.331; p=0.063; MFI \> 5 years vs. primary stage IV disease: HRs, 0.836; p=0.571; multivariable analysis) ([S2 Table](#SD2-crt-2017-443){ref-type="supplementary-material"}). Correlation between clinical factors (age, metastasis location, and HR status) and OS was calculated by survival curves ([S1B-S1D Fig](#SD1-crt-2017-443){ref-type="supplementary-material"}., [S2 Table](#SD2-crt-2017-443){ref-type="supplementary-material"}).

2. Fatality risk
----------------

The 1-, 3-, and 5-year CFR of MBC was 14.5%, 46.5%, and 60.8%, respectively ([Table 2](#t2-crt-2017-443){ref-type="table"}, [Fig. 1A](#f1-crt-2017-443){ref-type="fig"}). Joinpoint model fitted a serials of straight line to the CFR. Line of joinpoint was continuously rising in the first 18 months as the fatality rate was increasing (annual percentage change \[APC\], 21.6; 95% CI, 1.0 to 46.3; p \< 0.05). After reached the peak at the joinpoint (joinpoint, 13 to 18; 95% CI, \[13-18\] to \[25-30\]), the line began to fall indicating the decreasing fatality rate in MBC (APC, ‒4.5; 95% CI, ‒8.2 to ‒0.7; p \< 0.05) ([Table 2](#t2-crt-2017-443){ref-type="table"}, [Fig. 1B](#f1-crt-2017-443){ref-type="fig"}).

3. Outcome-prediction nomogram in the training cohort
-----------------------------------------------------

Of the 634 patients in the training cohort, 348 (54.9%) died of breast cancer during the follow-up period. Univariable analysis using the Cox hazard model identified the following significant factors ([Table 3](#t3-crt-2017-443){ref-type="table"}): age (35-50 years vs. \< 35 years; \> 50 years vs. \< 35 years; p=0.001), MFI (MFI \< 6 months vs. primary stage IV disease; MFI of 6 months-2 years vs. primary stage IV disease; MFI of 2-5 years vs. primary stage IV disease; MFI \> 5 years vs. primary stage IV disease; p=0.006), location of metastasis sites (bone/soft tissue vs. viscera/CNS; multiple vs. viscera/CNS; p=0.001), and HR status (positive vs. negative, p=0.013). The multivariable Cox hazard model showed that the following factors were independently correlated with patient survival ([Table 3](#t3-crt-2017-443){ref-type="table"}): age (35-50 years vs. \< 35 years; \> 50 years vs. \< 35 years; p=0.005), MFI (MFI \< 6 months vs. primary stage IV disease; MFI of 6 months-2 years vs. primary stage IV disease; MFI of 2-5 years vs. primary stage IV disease; MFI \> 5 years vs. primary stage IV disease; p=0.007), location of metastasis site (bone/soft tissue vs. viscera/CNS; multiple vs. viscera/CNS; p \< 0.001), and HR status (positive vs. negative; p=0.008).

A nomogram based on data from the training cohort was developed for the prediction of OS at 1 and 3 years. We constructed the nomogram with the following factors: age (\< 35, 35-50, or \> 50 years), MFI (primary stage IV disease, MFI \< 6 months, MFI 6 months-2 years, MFI 2-5 years, or MFI \> 5 years), location of metastasis (viscera/CNS, bone/soft tissue, or multiple), and HR status (positive or negative) ([Fig. 2](#f2-crt-2017-443){ref-type="fig"}). The score scale of MFI ranged from 0 to 100, and was larger than the scales for the other factors ([Fig. 3](#f3-crt-2017-443){ref-type="fig"}). The score for an MFI of 6 months-2 years was much higher than that for primary stage IV disease, MFI \< 6 months, MFI of 2-5 years, and MFI \> 5 years. The score for MFI \> 5 years was ranked for 0 point while MFI 6 months-2 years was ranked for 100 point. The c-index of this model was 0.69 (95% CI, 0.62 to 0.71).

4. Validation of the nomogram
-----------------------------

In all, 159 MBC patients diagnosed between August 2011 and July 2013 were stratified as internal validation cohort. As shown in [Table 1](#t1-crt-2017-443){ref-type="table"}, there was no significant difference between the validation and training cohorts with regard to clinical and tumour characteristics. In the validation cohort, 55 MBC patients (34.6%) died of breast cancer during the study period. The c-index of the nomogram in the external validation cohort was 0.67 (95% CI, 0.63 to 0.71). The calibration curve indicated good consistency at 1 and 3 years between the training and validation cohorts ([Fig. 3](#f3-crt-2017-443){ref-type="fig"}).

Discussion
==========

This is the first study to develop and validate a nomogram which could calculate the 1- and 3-year survival probability of MBC. We have shown that the 1-, 3-, and 5-year CFR of MBC was 14.5%, 46.5% and 60.8%, and mortality risk of MBC was increasing and reached the summit between the 18th and 30th month after the detection of MBC.

MBC remains an incurable disease wit poor prognosis among breast cancer \[[@b25-crt-2017-443]\]. Our study showed that almost half of MBC patients (46.5%) would die of cancer within 3 years, which was concordant with the previuos report \[[@b10-crt-2017-443]\]. The purpose of treatment for MBC is to reduce tumour burden, relieve symptoms, and improve the quality of life \[[@b3-crt-2017-443]\]. Although many therapeutic approaches have been developed in MBC, the selection of an optimal regimen remains a great challenge in clinical practice \[[@b26-crt-2017-443]\]. Patients with stable disease and low tumour burden might benefit from aggressive multidisciplinary therapy by delaying tumour progression and prolonging survival. However, in most MBC patients, diseases progress rapidly which would soon destruct organ-function and cause death, and application of aggressive therapy in such MBC patients might increase side effects without improving outcomes. In our study, mortality risk of MBC was increasing and reached the summit soon (13th to 30th month) after the detection of MBC. Consistently, survival analysis showed that almost half of patients died within 3 years since diagnosis of MBC. These results indicated that majority of MBC patients were unresponsive to alleviative treatment or became resistent to systematic therapy in a short period, which makes aggressive multidisciplinary therapy useless. Thus, methods to predict which patients may be at a low risk of mortality and suitable to aggressive therapy are required for the individualized treatment of MBC patients. Interestingly, our model was an effective statistical method to predict mortality risk in MBC patients. Patients with MFI \> 5 years, HR-positive status, young age, or bone/soft-tissue metastases tended to have better outcomes. Physicians may be able to quantify the mortality risk of MBC patients and individualize treatments based on our nomogram.

Cancer researchers are increasingly interested in statistical methods of survival or recurrence prediction in breast cancer. Although several studies have reported that short MFI, HR-negative tumour, and viscera metastasis are correlated with worse outcomes in MBC, models combining clinical and tumour characteristics might be more effective to predict the outcomes of MBC patients \[[@b27-crt-2017-443]\]. Nomograms based on the Cox regression model have been proved to be superior to other statistical models (such as probability tables, regression tree analyses, and risk groupings) \[[@b19-crt-2017-443],[@b28-crt-2017-443]\]. We constructed a nomogram combining age, MFI, location of metastasis site, and HR status. In this model, MFI played a major role in the scoring system. An MFI \> 5 years yielded the lowest score, while an MFI of 6 months-2 years was associated with a higher score than those for primary stage IV disease, MFI of 2-5 years, and MFI ≤ 6 months.These are consistent with our results that MBC patients with an MFI of 6 months-2 years had the worst prognosis, while those with an MFI \> 5 years had the longest survival. The poor survival in the group with an MFI of 6 months-2 years might be attributable to tumour resistance or unresponsiveness to systemic therapy. Previously, study has suggested that patients with triple-negative breast cancer, which lacks therapeutic targets and is associated with poor outcomes, tended to have a much higher risk of disease recurrence than did patients with other types of breast cancer \[[@b18-crt-2017-443]\]. HR-positive breast cancer, which can be effectively treated with current therapeutic methods and is associated with good outcomes, tends to develop distant metastases beyond 5 years after the diagnosis \[[@b4-crt-2017-443],[@b29-crt-2017-443]\]. This might partly explain the better survival of patients with an MFI \> 5 years than that of patients with an MFI of 6 months-2 years. One study has reported that women with primary stage IV breast cancer had superior survival to that of relapsed-MBC patients, as the former were chemotherapynaïve \[[@b13-crt-2017-443],[@b22-crt-2017-443]\]. In our study, the survival curves showed that patients with primary stage IV disease had a similar prognosis to that of patients with an MFI \> 5 years. Interestingly, our study also showed that the prognosis of patients with an MFI \< 6 months was equal to that of patients with an MFI \> 5 years or those with primary stage IV disease. We assumed that a portion of patients with an MFI \< 6 months might have had occult metastatic lesions long before they were detected, and could therefore be considered to have a low tumour burden.

At last, we evaluated the effectiveness of the nomogram via discrimination calibration and the c-index. In our study, the c-index was good in both the training and validation cohorts, and the calibration curves of both groups indicated a favourable prediction stability of our model.

The current study has several limitations. First, this was a single-centre study that the validation cohort came from the same cohort with training set, and the internal validity may give over-optimistic result. However, we have included 793 metastasis breast cancer patients with complete clinical and follow-up information, which may limit the number of the cohort but guaranteed the accuracy of the model. Second, gene signatures were unavailabe in our study population. As many studies have revealed that tumour biology and patient outcomes are significantly correlated with gene expression, gene signatures should be incorporated into the nomogram \[[@b9-crt-2017-443],[@b30-crt-2017-443]\]. Finally, our study is retrospective in nature; we will carry out a prospective study to evaluate our nomogram in the future.

In conclusion, we have constructed a nomogram including MFI, location of metastasis site, age, and HR status, which is an effective model to predict survival in MBC patients. Our model could help identify patients with long life expectancies and thus guide clinical decision-making.
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![Mortality risk of metastatic breast cancer (MBC) patients. (A) Kaplan-Meier survival curves estimate case fatality rate of MBC patients: the 1-, 3-, and 5-year fatality rate were 14.5%, 46.5%, and 60.8%, respectively. (B) Analysis of trend of fatality rate per month by Joinpoint regression: the joinpoint of lines was located at 13-18 (95% confidence interval \[CI\], \[13-18\] to \[25-30\]); trend 1 of fatality rate ranged from 0 to 18th month (annual percentage change \[APC\], 21.6; 95% CI, 1.0 to 46.3; p \< 0.05); trend 2 of fatality rate ranges from 19th to 60th month (APC, --4.5; 95% CI, --8.2 to --0.7; p \< 0.05).](crt-2017-443f1){#f1-crt-2017-443}

![Prognostic nomogram for metastatic breast cancer patients with factors, including age, metastasis-free interval (MFI), location of metastasis site, and hormone receptor (HR) status. Points are defined based on the prognostic contribution of the factors (top). Points summing the contribution of age, MFI, location of metastasis site, and HR status are translated to the survival probability at 1 and 3 years (bottom). CNS, central nervous system.](crt-2017-443f2){#f2-crt-2017-443}

![Calibration plots for predicting patient survival at 1 and 3 years in the training and validation cohorts. Calibration plots of survival probability in training (A) and validation (B) cohort. Probability of survival based on the nomogram has been listed on the x-axis, while actual probability of survival has been listed on the y-axis. OS, overall survival.](crt-2017-443f3){#f3-crt-2017-443}

###### 

Characteristics of patients with metastatic breast cancer

  Variable                                Training cohort (n=634)   Validation cohort (n=159)   p-value
  --------------------------------------- ------------------------- --------------------------- ----------
  **Age at diagnosis (yr)**                                                                     
   \< 35                                  132 (20.8)                25 (15.7)                   0.127
   35-50                                  300 (47.3)                71 (44.7)                   
   \> 50                                  202 (31.9)                63 (39.6)                   
  **Menopause status**                                                                          
   Premenopausal                          434 (68.5)                99 (62.7)                   0.185
   Menopausal                             200 (31.5)                60 (37.3)                   
  **Tumour size (cm)**                                                                          
   ≤ 2                                    128 (20.2)                27 (17.0)                   0.373
   \> 2 and ≤ 5                           261 (41.2)                78 (49.1)                   
   \> 5                                   147 (23.2)                41 (25.8)                   
   Unknown                                98 (15.5)                 13 (8.2)                    
  **Axillary lymph node involvement**                                                           
   Yes                                    483 (76.2)                123 (77.4)                  0.242
   No                                     139 (21.9)                36 (22.6)                   
   Unknown                                12 (1.9)                  0                           
  **MFI**                                                                                       
   Primary stage IV                       194 (30.6)                64 (40.3)                   \< 0.001
   \< 6 mo                                57 (9.0)                  17 (10.7)                   
   6 mo-2 yr                              203 (32.0)                23 (14.5)                   
   2-5 yr                                 146 (23.0)                50 (31.4)                   
   \> 5 yr                                34 (5.4)                  5 (3.1)                     
  **No. of metastases**                                                                         
   1                                      382 (60.3)                84 (52.8)                   0.105
   \> 1                                   252 (39.7)                75 (47.2)                   
  **Metastasis sites**                                                                          
   Visceral or CNS                        191 (30.1)                38 (23.9)                   0.243
   Bone or soft tissue                    234 (36.9)                60 (37.7)                   
   Multiple                               209 (33.0)                61 (38.4)                   
  **Hormone receptor status**                                                                   
   HR+                                    432 (68.1)                107 (67.3)                  0.850
   HR-                                    202 (31.9)                52 (32.7)                   
  **HER2 receptor status**                                                                      
   Amplified                              213 (33.6)                57 (35.8)                   0.261
   Non-amplified                          369 (58.2)                95 (59.7)                   
   Equivocal (2+)                         52 (8.2)                  7 (4.5)                     
  **Type of surgery**                                                                           
   MRM                                    525 (82.8)                120 (75.5)                  0.103
   BCT                                    23 (3.6)                  4 (2.5)                     
   Tumour resection                       5 (0.8)                   2 (1.2)                     
   No                                     81 (12.8)                 33 (20.8)                   
  **Endocrine therapy**                                                                         
   Yes                                    381 (60.1)                76 (47.8)                   0.002
   No                                     194 (30.6)                54 (34.0)                   
   Unknown                                59 (9.3)                  29 (18.2)                   
  **Anti-HER2 therapy**                                                                         
   Yes                                    117 (18.5)                31 (19.5)                   0.978
   No                                     509 (80.3)                125 (78.6)                  
   Unknown                                8 (1.3)                   3 (1.9)                     
  **Chemotherapy (first-line regimen)**                                                         
   Yes                                    616 (97.2)                151 (95.0)                  0.082
   No                                     16 (2.5)                  5 (3.1)                     
   Unknown                                2 (0.3)                   3 (1.9)                     
  **Radiotherapy**                                                                              
   Yes                                    328 (51.7)                63 (60.4)                   0.008
   No                                     305 (48.1)                96 (39.6)                   
   Unknown                                1 (0.2)                   0                           
  **Vital status**                                                                              
   Alive                                  286 (45.1)                104 (65.4)                  \< 0.001
   Death                                  348 (54.9)                55 (34.6)                   

Values are presented as number (%). MFI, metastasis-free interval; CNS, central nervous system; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; MRM, modified radical mastectomy; BCT, breast conserving therapy.

###### 

Trend of mortality risk for patients with metastatic breast cancer (Joinpoint model)

            Time period (mo)   No. of deaths   CFR (%)   SEM    Cumulate survival rate (%)   APC                                                   95% CI
  --------- ------------------ --------------- --------- ------ ---------------------------- ----------------------------------------------------- --------------
  Trend 1   0 to 6             42              5.4       0.01   94.6                         21.6^[\*](#tfn1-crt-2017-443){ref-type="table-fn"}^   1.0 to 46.3
            7 to 12            68              9.6       0.01   85.5                                                                               
            13 to 18           71              11.6      0.01   75.6                                                                               
  Trend 2   19 to 24           59              11.5      0.01   66.9                         -4.5^[\*](#tfn1-crt-2017-443){ref-type="table-fn"}^   -8.2 to -0.7
            25 to 30           53              12.7      0.02   58.4                                                                               
            31 to 36           26              8.3       0.02   53.5                                                                               
            37 to 42           22              8.9       0.02   48.8                                                                               
            43 to 48           17              8.6       0.02   44.6                                                                               
            49 to 54           9               5.8       0.02   42.0                                                                               
            55 to 60           8               6.6       0.02   39.2                                                                               

CFR, case fatality rate; SEM, standard error of mean; APC, annual percentage change; CI, confidence interval.

p \< 0.05.

###### 

Univariable and multivariable Cox regression model in metastatic breast cancer (training cohort)

  Characteristic                 Univariable hazard ratios   95% CI        p-value    Multivariable hazard ratios   95% CI        p-value
  ------------------------------ --------------------------- ------------- ---------- ----------------------------- ------------- ----------
  **Age (yr)**                                                             0.001                                                  0.005
   \< 35                         1                                                    1                                           
   35-50                         0.500                       0.334-0.749   0.001      0.526                         0.306-0.906   0.020
   \> 50                         0.607                       0.277-1.328   0.231      0.873                         0.214-1.452   0.374
  **Menopause status**                                                                                                            
   Menopause vs. menses          0.102                       0.010-1.015   0.052                                                  
  **Tumour size (cm)**                                                     0.480                                                  
   ≤ 2                           1                                                                                                
   \> 2 and ≤ 5                  1.266                       0.802-1.998   0.312                                                  
   \> 5                          1.214                       0.583-2.525   0.604                                                  
  **Lymph node involvement**                                                                                                      
   Yes vs. no                    1.382                       0.577-3.310   0.468                                                  
  **MFI**                                                                  0.006                                                  0.007
   Primary stage IV              1                                                    1                                           
   \< 6 mo                       0.872                       0.512-1.484   0.613      0.670                         0.372-1.209   0.184
   6 mo-2 yr                     1.257                       0.752-2.103   0.383      0.780                         0.369-1.648   0.515
   2-5 yr                        0.773                       0.371-1.612   0.492      0.469                         0.157-1.402   0.176
   \> 5 yr                       0.468                       0.170-1.288   0.142      0.208                         0.048-0.905   0.036
  **No. of metastases**                                                                                                           
   \> 1 vs. 1                    0.596                       0.142-2.502   0.480                                                  
  **Metastasis site**                                                      0.001                                                  \< 0.001
   Visceral/CNS                  1                                                    1                                           
   Bone/Soft tissue              0.483                       0.324-0.721   \< 0.001   0.745                         0.478-1.163   0.195
   Multiple                      0.477                       0.111-2.054   0.320      1.991                         0.715-5.544   0.187
  **HR status**                                                                                                                   
   HR+ vs. HR-                   0.321                       0.131-0.788   0.013      0.270                         0.102-0.711   0.008
  **HER2 receptor status**                                                 0.937                                                  
   Non-amplification             1                                                                                                
   Amplification                 0.838                       0.320-2.191   0.718                                                  
   Not known or equivocal (2+)   0.702                       0.090-5.456   0.735                                                  

CI, confidence interval; MFI, metastasis-free interval; CNS, central nervous system; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.
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